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). The goal of the studies described hereby was to search for and direct the attention to some critical phases of the rearing cycle and thus to create prerequisits to minimize the stress (Svobodová et al. 1997c) .
Various biochemical and haematological indices are used to indicate and assess the effect of stressors in fish. Indices used are e.g. concentration of glucose, cortisol, lactate, ammonia and chlorides in blood plasma, haematocrit value and mean corpuscular volume, relative weight of spleen, etc. (Thomas 1990; Palíková and Svobodová 1995; Spurn˘ and Mare‰ 1997) . Concentrations of cortisol and glucose are considered among the most important stress indicators in fish. A short-term intensive stress leads to a large increase of the cortisol concentration followed by a slow decrease (Barton et al. 1980) . The concentration of glucose has a similar course but with a certain delay (Barry et al. 1993; Carragher and Ress 1994) .
We utilized these indices (cortisol, glucose) in the present study to assess the stress of the common carp exposed to experimental handling and transport under field conditions, as well as for the assessment of anaesthesia.
Material and Methods
The effects of handling, anaesthesia and transport on the concentration of cortisol and glucose in blood plasma, or on other indices (relative weight of spleen -SSI and ammonia concentration in blood plasma) were studied in the common carp (Cyprinus carpio L.).
Handling
The effect of time pause (0; 2 and 5 min) between catching the fish in water and blood sampling for stress indicators was checked. A total of 30 common carp (live weight 479 ± 30.8 g) were caught from a pond (water temperature 20 °C, oxygen saturation 95%), and placed into a 300 l tank with pond water (water temperature 20°C
, oxygen saturation 90%). Immediately after catching in the tank, blood was sampled from 10 specimen. Blood of another 10 specimen was sampled after keeping them in the air for 2 min, and the remaining 10 specimen were sampled after keeping in the air for 5 min. Fish were kept in a small hanging net in order to minimize their movements. The experiment was performed on July 3, 1995.
Anaesthesia
For the common carp anaesthesia, Menocain was used at a concentration of 0.2 g . l -1 for 10 min. The effective substance of Menocain is (3-ethoxycarbonylfenyl) ammonium natrium hydrogensulphuricum in 50% amount and with natrium chloratum as the remaining 50% (Král and Svobodová 1990) . A total of 20 common carp individuals (live weight 672 ± 22.5 g) were caught from a pond (water temperature 20 °C, oxygen saturation 90%) and placed in two 300 l tanks with the pond water of the same indices, 10 fish into each tank. The 10 specimen in one tank were anaesthetized and blood-sampled. The other 10 specimen in the second tank were used as a control group without anaesthesia. The experiment was performed on July 7, 1995.
Transport
Fish transport was performed in an open system of live fish transport as follows: Transports I and II in a special truck for long-distance live fish transport and Transport III in classic transporting tanks. In the special truck for long-distance live fish transport, the water was enriched with gas oxygen released from a liquid oxygen container. In the classic transporting tank, the water was aerated with air produced by the truck compressor. Three-year-old marketable common carp were used in Transports I and II whereas two-year-old stock of common carp was used in Transport III. The stocking density of fish in transporting tanks was 300 kg/m 3 in Transports I and II and 250 kg/m 3 in Transport III. Water temperature and oxygen saturation at the beginning and at the end of each transport are given in Table 1 . Prior to Transport I (May 11, 1995) the fish were loaded into the truck from a storage pond with deeply decreased water level. Twenty specimen of live weight 1 487 ± 370.9 g from the storage pond were caught for blood sampling. Transport I lasted for 10 hours. Afterwards, 20 specimen of live weight 1 810 ± 286.4 g were caught by a dip net directly from the truck and sampled for blood. Prior to the Transport I, fish had been kept in the storage pond for 3 days without feeding and their digestive tract was empty.
On the contrary, the common carp used in Transport II (July 10, 1996) were caught from a production pond one day prior to the transport and partly even on the day of the transport. Feeding was performed in the pond and fish were caught at feeding pits. The pond water temperature was about 20 °C, whereas in the storage pond where the fish were transferred to, it was 15 °C. Water level in the storage pond was decreased and oxygen saturation was 16%. Fish used emergency breathing. At this stage, they were handled to a special truck for long-distance live fish transport. Prior to transport, twenty specimens of live weight 1432 ± 265.0 g were blood-sampled. Heavily filled digestive tracts were found in 7 specimens and remnants of chyme were found in 13 specimens. The transport had to be interrupted after 10 hours. The majority of the fish stock in the truck was found dead. Six living specimens of live weight 1 340 ± 112.0 g were blood-sampled, and remnants of chyme were found in their digestive tract.
The Transport III was performed on April 2, 1997. Two-year-old fish taken directly during a pond harvest were transported and stocked into another pond. The transport, lasting for 2 hours, was performed in classic transporting tanks. Blood was sampled from 15 specimen of live weight 200 ± 96.2 g during the pond harvest and from another 15 specimen of live weight 192 ± 64.4 g after terminating the transport before stocking them into the other pond.
Fish blood was sampled by cardiopunction, using a heparinized needle. Heparin at a concentration of 50 I.U. in 1 ml of blood was used as an anticoagulant (Svobodová et al. 1991) .
The cortisol concentration in blood plasma was assessed by radioimmunoassay by means of a kit by Immunotech Comp. The glucose concentration was determined spectrophotometrically by means of BIO-LACHEMA OXOCHROM glucose kit. Other stress indices were determined, such as the ammonia concentration in blood plasma by an enzymatic kit by Boehringer (in Transport II) and the relative weight of spleen (Transport III).
The water temperature and oxygen saturation was determined by WTW oxymeter (Germany). Statistical analyses of results were perfomed by t-test, Mann-Whitney U-test and by one-way ANOVA.
Results

Handling
Fig . 1 shows the comparison of cortisol and glucose concentrations in blood plasma of the common carp blood-sampled immediately after catching and after 2 and/or 5 min period in the air. As analysed by t-test and Mann-Whitney test, the time periods of 2 and 5 minutes between catching and blood sampling were reflected in significantly decreased cortisol concentration (by 40%) and increased glucose concentration (by 45%) in analysed blood plasma samples (both results significant at the level p < 0.001). Concentration of cortisol correlated negatively with concentration of glucose in fish analysed 2 and 5 minutes after catching (r = -0.662, p < 0.001) (Fig. 2) . No significant correlation was found between the cortisol and glucose concentration in fish analysed immediately after catching.
Anaesthesia
The values of cortisol and glucose concentrations in blood plasma of control fish well as of those anaesthesized with Menocain are given in Fig. 3 . No significant differences were found in the cortisol concentration of the compared groups of fish (t-test: p = 0.854), values measured were practically identical. On the contrary, the glucose concentration was found significantly higher in the control non-anaesthetized group (by 28%; t-test: p = 0.012) compared to the anaesthetized fish.
Transport
Prior to Transport I, the cortisol concentration in blood plasma of the common carp was 1242 ± 197 µmol . l -1 , significantly dropping within the 10-hour transport to 803 ± 226 µmol . l -1 (Fig. 4a) , i.e. by 35% (t-test: p < 0.001). On the other hand, the glucose concentration significantly increased during this transport from 4.42 ± 1,28 mmol . l -1 to 7.24 ± 2,15 mmol . l -1 (Fig 5a) , i.e. by 63% (t-test: p < 0.001). At the end of the transport the fish did not show any signs of clinical or pathoanatomical changes.
After a 10-hour Transport II, the majority of the fish was found dead. Fish gathered in the storage pond prior to the transport were found emergency-breathing, post mortem examination performed after blood sampling showed heavily filled digestive tracts in 7 specimens and remnants of chyme in 13 specimens. Live fish after the transport used emergency breathing again. Six living specimens analyzed were found with remnants of chyme in their digestive tract. The cortisol concentration in blood plasma of the 13 268 Cortisol (nmol . specimens with presence of chyme remnants in the digestive tract prior to transport was 245.4 ± 95.0 µmol . l -1 whereas in the 7 specimen with heavily filled digestive tracts it reached 286.9 ± 83.1 µmol . l -1 . These differences were not significant (ANOVA: p = 0.334). Similarly, no difference was found in the cortisol concentration of the common carp before and after the Transport II (346 ± 151 µmol.l -1 , ANOVA: p = 0.486) (Fig. 4b) . Fig. 5b shows values of the glucose concentration in blood plasma of the fish with the chyme remnants in the digestive tract (6.8 ± 1.1 mmol . l -1 ), and of those with heavily filled digestive tracts (9.9 ± 1.6 mmol . l -1 ) before the transport and after the 10-hour transport (31.83 ± 14.54 mmol . l -1 ). Significantly higher glucose concentrations in blood plasma were found before the transport in the group of fish with heavily filled digestive tract compared to those with chyme remnants in the tract (ANOVA: p = 0.042). A highly significantly increased glucose concentration in blood plasma occurred in fish after the 10-hour transport compared to both groups of fish before the transport (ANOVA: p < 0.001). The concentration of ammonia in blood plasma was determined in fish analysed before and after the Transport II with the following values: ❍ Fish group before the transport (n = 13) (A) digestive tract with chyme remnants -398 ± 61.7 mmol . l -1 ❍ Fish group before the transport (n = 7) (B) digestive tract heavily filled -696 ± 112.1 mmol . l -1 ❍ Fish group after the transport (n=6) (C) digestive tract with chyme remnants -413 ± 173.7 mmol . l -1 . Significant differences in the ammonia concentration in blood plasma were found between groups A and B, B and C (ANOVA: p < 0.001). This indicated that the ammonia concentration was markedly higher in blood plasma of fish with heavily filled digestive tracts.
Transport III lasted for 2 hours and it was performed in classic transport tanks. Values of cortisol and glucose concentrations in blood plasma of two-year-old common carp before and after the transport are given in Fig. 4c and 5c . The cortisol concentration decrease from 382.7 ± 106.7 µmol . l -1 before the transport to 308.2 ± 108.5 µmol . l -1 after it, i.e. by 19% was inexpressive (t-test: p = 0.071). On the contrary, the increase of glucose values from the concentration of 5.37 ± 1.08 mmol . l -1 before the transport to 7.60 ± 1.07 mmol . l -1 after it, i.e. by 42% was a significant one (t-test: p < 0.001). Moreover, another parameter was used to assess the stress level in fish in the Transport III and this was the relative weight of spleen (SSI). In the course of this transport, values of this variable dropped from 0.40 ± 0.105% to 0.34 ± 0.068%. However, this decrease was not significant. 
Discussion
In the stress scheme by Selye (1956) , stress is regarded rather as a basic component of a normal metabolism than a deviation from normal status. Wedemeyer and McLeay (1981) also defined stress in fish as a summary of physiological reactions occurring when an animal tries to maintain its homeostasis. In the first phase of organism's response to the effect of stressors, endocrine changes appear as primary reactions, considering, above all, the catecholamins and glucocorticoids. They are utilized in controlling the organism and they cause metabolic and osmotic changes, health changes and other changes considered as secondary ones (Mazeaud et al. 1977; Pickering 1981; Gratzek and Reinert 1984; Leatherland and Woo 1998) . Secondary reactions in our study were represented by changes in concentrations of glucose and ammonia in blood plasma and by changes in the relative weight of spleen (SSI).
The cortisol concentration in blood plasma, characterizing a primary reaction in our study, was the highest either at the beginning of handling, or of Transport I and III. A significant decrease of the cortisol concentration was found after 2 and 5 min period of keeping the fish in the air, as well as at the end of 10-hour Transport I. After the 2-hour Transport III, the cortisol concentration in blood plasma also decreased but this difference was non-significant. We anticipated that the primary reaction (the alarm reaction) started already during the period of harvesting the fish in the pond and during their transfer into tanks or transporting tanks (in case of Transport III) and during handling the 3-year-old marketable carp from the storage pond into the truck (in case of Transport I). Changes in the glucose concentration in blood plasma, representing the secondary reaction, were of the opposite character. Either after 2 and 5 min period of keeping the fish outside water, or after both 10-and 2-hour transport, the glucose concentration in blood plasma increased significantly. Van-Raaij et al. (1996) state that hyperglycaemia in such cases is probably a result of liver glycogenolysis stimulated by catecholamins and of stimulation of gluconeogenesis by cortisol during recovery. The negative correlation found between cortisol and glucose concentration in blood plasma of fish kept in the air for the 2 and 5 min period after catching also gives an evidence of the stimulation of gluconeogenesis by cortisol during recovery (Fig. 2) .
While the onset of primary reaction (the alarm reaction) and of the secondary reaction (the adaptive reaction) was recorded in the above-mentioned experiments, the closing stage of the 10-hour Transport II can be classified as an exhaustion stage (Selye 1956 ). Death of the majority of fish was noticed at the end of Transport II. Stressors affecting the fish before and in the course of the transport were lethal. It concerned, above all, transport of fish with heavily filled digestive tracts. Already before the transport, these fish had increased cortisol concentrations and significantly increased glucose and ammonia concentrations in blood plasma compared to fish with chyme remnants in their digestive tract. Moreover, fish with heavily filled digestive tracts have much higher oxygen demands than those with empty digestive tract (Pokorn˘ et al. 1998) . Transfer the fish from 20 °C pond water into the storage pond, followed by handling them into the truck with 15 °C water was another potent stressor acting already in the pre-transport phase. Moreover, in the storage pond there was a very low oxygen saturation (16%). Such stress factors result in disbalance in the ammonia production and excretion (Evans 1993; Konovets et al. 1993; De-Boeck et al 1995; Svobodová et al. 1997a ), leading to fish autointoxication by ammonia. Unfortunately, this hypothesis could not be confirmed at the end of the transport as the fish were dead. Part of fish which survived were those with chyme remnants in their digestive tracts. The ammonia concentration in blood plasma of these fish was practically identical with that found before the transport in fish with chyme remnants in their digestive tracts. The fish that had survived this 10-hour transport were in the secondary adaptative phase, as evidenced by the high glucose concentration found in their blood plasma (Fig. 5b) .
Considering the effect of Menocain anaesthetic, cortisol concentration in blood plasma of both the control and anaesthetised fish was nearly identical. On the contrary, the glucose concentration in blood plasma of fish in anaesthesia was significantly lower compared to the control group. This is important, above all, from the point of view of preventing the depletion of energy reserves of fish. Anaesthesia generally lowers the mobilization of energy resources which, in case of not using anaesthesia during a handling stress e.g. in artificial reproduction, would drop strongly. Similar results were shown by Jeney et al. (1986) when testing the anaesthetics Propanidid and MS 222 for artificial reproduction of the common carp.
Results of this work enable to recommend the following preventive measures in order to limit losses and damage of fish during transport: ❍ Preparation of fish for the transport (above all emptying of the digestive tract). ❍ Minimum pre-transport handling. ❍ Identical water temperature in ponds from where the fish are caught, tanks where they are kept and the transporting tanks. ❍ Optimum water quality in tanks in which the fish are kept prior to the transport and in the transporting tanks (considering above all the oxygen concentration). ❍ Use of anaesthetics in fish manipulation, mainly in artificial reproduction, is an important preventive measure limiting the negative effects of this stressor.
Vliv manipulace a transportu na koncentraci kortizolu a glukózy v krevní plazmû kapra obecného
Cílem pfiedkládané práce bylo zhodnotit stupeÀ stresové zátûÏe u kapra obecného (Cyprinus carpio, L.) vystaveného manipulaci a transportu. Jako indikátory stresu byly pouÏity koncentrace kortizolu a glukózy v krevní plazmû, v nûkter˘ch pfiípadech koncentrace amoniaku v krevní plazmû a relativní hmotnost sleziny (SSI). V rámci manipulace byl sledován vliv ãasové prodlevy -pauzy (0; 2 a 5 minut) mezi vylovením ryb z vody a odbûrem krve na indikátory stresu. Cílem sledování bylo také ovlivnûní indikátorÛ stresu anestetikem Menocain. Transport ryb byl uskuteãnûn v otevfieném systému pfiepravy ryb, a to jako 10-ti hodinov˘ ve speciálním kamionu pro dálkovou pfiepravu Ïiv˘ch ryb (transport I. a II.) a jako 2-hodinov˘ v klasick˘ch pfiepravních bednách (transport III.). V prÛbûhu transportu byla mûfiena teplota a koncentrace kyslíku ve vodû. Pfii manipulaci s rybou pfied odbûrem krve (ãasová prodleva 2 a 5 minut) do‰lo k signifikantnímu sníÏení koncentrace kortizolu a k signifikantnímu zv˘‰ení koncentrace glukózy ve srovnání s hodnotami namûfien˘mi u ryb s odbûrem krve ihned po vylovení. Vliv anestetika na koncentraci kortizolu nebyl prokázán. Naproti tomu koncentrace glukózy anestezované skupiny ryb byla signifikantnû sníÏena. Po 10-hodinovém transportu ve speciálním kamionu (I.) byl zji‰tûn signifikatní pokles koncentrace kortizolu a signifikantní nárÛst koncentrace glukózy v krevní plazmû. V prÛbûhu 10-hodinového transportu ve speciálním kamionu (II.) do‰lo k úhynu pfieváÏné ãásti kaprÛ. Pfiíãina úhynu byla pravdûpodobnû udu‰ení a autointoxikace amoniakem jako dÛsledek nakládky ryb s pln˘m trávicím traktem. Po 2-hodinovém transportu v pfiepravních bednách (III.) do‰lo k nev˘znamnému poklesu koncentrace kortizolu a relativní hmotnosti sleziny (SSI) a k signifikantnímu zv˘‰ení koncentrace glukózy v krevní plazmû V˘sledky ukázaly, Ïe manipulace a transport jsou v˘znamn˘mi stresov˘mi zátûÏemi kapra obecného. Byla navrÏena preventivní opatfiení sniÏující negativní úãinky tûchto zátûÏí.
